Abstract On the basis of comprehensive anthropometrical observation of 1st and 2nd year students from different faculties of Moscow State University (MSU) carried out in [2002][2003], functional characteristics of the cardiovascular system (systolic and diastolic blood pressure, heart rate) were investigated in 205 young men and 327 young women along with traditional morphological parameters. In comparisons of contemporary young men and women with their peers, whose characteristics were obtained in the course of investigations carried out over the period , secular trends towards an increase of body length and a worsening of strength indices were detected. Evaluation and comparative analysis of adaptation capabilities of students were carried out based on screening and assessment of adaptation potential using the Bayevsky method (1987). It was shown that the parameters of physical development and the level of adaptation of an organism to environmental conditions can be used as additional markers for determination of the health status of contemporary students for early prevention of some diseases, improvement of their physical status and increase of adaptation potentials.
Introduction
The years of studies at institutes and universities coincide with the period of completing definitive physical maturity and with a period of social formation, when a person switches from infantile dependency to the status of an adult, chooses a profession, masters it, chooses a partner, and marries. This is a period of entering a new life with increased physical, psychological and mental requirements. That is why the observation of this period means investigation of the transition from a youthful stage of development to maturity and determination of the potential health level for the rest of that person's life. Students belong to the age group standing on the verge of the reproductive period, so the health level of this particular population has a significant impact on the health of future generations. Besides, the condition of students' health determines the quality of new specialists' skills.
According to data given by different authors, a decrease of the health parameters of students can be seen over the last decade (Kamayev and Vasilyeva, 2002; Zaitzev and Kramskoy, 2003; Markova et al., 2004) . It is very important to mention here interpretation of health as a psychophysical condition of a person being characterized by a lack of pathological changes and by the presence of functional reserve sufficient for complete biosocial adaptation and maintenance of physical and mental efficiency in a natural environment (Brechman, 1990) . The level of an organism's systems' functioning increases in response to any environmental influence. At the same time, regulatory mechanisms start working supporting a homeostatic state of interaction of systems participating in the reaction to the impact. The tension level of the regulatory systems is the organism's cumulative response to the whole complex of influencing factors regardless of their nature (Bayevsky and Berseneva, 1997) . If a person is healthy, his/her organism has enough functional capability and reacts to any stressful influence with the normal (adequate) tension of the regulatory systems. If an organism does not have any functional reserves, then the tension of the regulatory systems even in a state of rest may be high. Classification of the functional conditions of an organism includes four gradations (Kaznacheyev et al., 1980; Bayevsky and Berseneva, 1997) :
1. Physiological norm-condition of satisfactory adaptation. Sufficient functional (adaptation) reserve at the minimal level of regulatory system tension. 2. Prenosological conditions, when normal functioning of an organism is ensured by more significant tension of regulatory systems than at norm. 3. Premorbid conditions are characterized by a decrease of the functional reserves of an organism. Conditions of unsatisfactory adaptation are accompanied by distinctly expressed overstrain of regulatory mechanisms.
4. Conditions of adaptation's failure are exhaustion and a breakdown of regulatory mechanisms. Kaznacheyev et al. (1980) suggested considering the levels of regulatory system tension (levels of adaptation of an organism to the environment) as «levels of health». The condition of optimal, satisfactory adaptation corresponds to the first «level of health». The second level can be characterized by a certain tension of the adaptation mechanisms. The third «health level» is identified by an unsatisfactory condition of adaptation, when separate mechanisms of the organism's functioning work in discordance. The fourth level corresponds with disruption of adaptation, a condition of the early stages of disease development.
A method of screening and assessment of adaptation potentials by Bayevsky et al. (1987) was used for assessment of adaptation levels. On the basis of total body parameters determining the physical development of a person, and on the basis of the functional characteristics of thecardiovascular system, which is an extremely sensitive indicator of an organism's reaction to any stressful impact, Bayevsky et al. developed a formula (an equation of multiple regression) permitting evaluation of the functional conditions of an organism and prediction of deterioration of adult population health for a given gender and age.
Yampolskaya and Ananyeva, using this method, elaborated a rating scale of «Levels of Health» and worked out age and gender grades for levels of adaptation for children and teenagers from 8 to 17 (Yampolskaya and Ananyeva, 1997; Yampolskaya, 2004) .
Students at the age of 17-22 in terms of health protection are set «in-between» children's and adult systems of treatmentand-health-preventive institutions. According to expert opinion concerning the condition of health of Moscow students (Orlova et al., 2004) , only 27% of young people can be regarded as healthy. Most students have adverse habits (smoking, nonobservance of a daily routine, malnutrition, hypodynamia). If potential lack of health is regarded as a result of emaciation of regulatory systems (adaptation mechanisms), then the method of express evaluation of «Level of Health» permits therevealing of premorbid conditions accompanied by functional overstrain, which may result in substantial damage to homeostasis and may cause failure of adaptation and development of illness. In this connection, the following points were incorporated into the tasks of the present study: -comparison of anthropometrical parameters of contemporary young men and girls with their peers observed in the period 1920-1990, -revealing possible microevolution tendencies in variability of somatic features, -study of the connections between morphological and functional characteristics, -assessment of adaptation capabilities of students.
Materials and Methods
The results of comprehensive anthropometrical observation of 1st-and 2nd-year students from different faculties of MSU obtained during the investigation of students carried out in the MSU polyclinic in 2002-2003 under the direction of one of the authors (M.N.) using a standard anthropometrical technique served as materials for this study.
The data included morphological parameters (skeletal dimensions, perimeters of torso and extremities, skinfolds) and functional characteristics (vital capacity (VC), dynamometry of right and left hands). The general number of observed students was more than 2500 people at the ages of 17-22. For evaluation of adaptation capabilities, additional observation of systolic and diastolic blood pressure (SBP and DBP) and heart rate (HR) at rest (in sitting position) in 205 young men and 327 girls. Father and mother of participants were Russians. Express evaluation of adaptation potential using the equation of multiple regression was used (Bayevsky et al., 1987) as a principle method for determination of «level of health» in students:
where: P AP -adaptation potential (scores), P PR -pulse rate (absolute values), P SBP -systolic blood pressure (absolute values), P DBP -diastolic blood pressure (absolute values), P Aage (years), P BM -body mass (absolute values), P BL -body length (absolute values), P G -gender (conventional units m-1, g-2). Age (in years) is determined according to conventional medical procedure; thus, males and females at the age of 16 years and 6 months up to 17 years and 5 months 29 days etc. are included into the group of 17-year-olds, etc. «Health level» was assessed using age-gender classification of four levels of adaptation, estimated for children's population. Grades for points for 17-year-old young men and women are summarized in Table 1 (Yampolskaya, 2004) .
Results and Discussion
For revealing secular changes in anthropometrical parameters, our data were compared with theresults of : Vlastovsky, 1976; Miklashevskaya et al., 1988; Yampolskaya, 2000; Godina et al., 2000) . As can be seen from Table 2 , height in young men and women was increasing constantly in the period . Notwithstanding the influence of social selection as one of the possible reasons for the relative tallness of contemporary students (to some extent, MSU students are a specific social group), we nevertheless suggest that a secular trend in length increase, apparently, is occurring. The minor increase of body mass in contemporary young men can partly be explained by the presence in the sample of overweight students or by the influence of social selection. According to the literature, children from upper social layers are larger than their peers (Godina, 2001 ).
The results of comparison of morphological parameters, which are the most informative in respect of development of three main somatic body components, namely, fat, muscle and skeleton, are summarized in Table 3 . The results of comparison for the female groups give apparent evidence of changes occurring over 20 years (Table 3) . Present-day girls have become much taller and slender. It is worthy of notice that though arm circumference in contemporary female students has decreased, triceps skinfold has not changed. It proves that decrease in arm circumference took place at the expense of muscle mass decrease. These results allow us to suggest that increase in body length, small decrease of body mass and muscle development represent the main trend of secular transformations in girls. The results of comparison show that the present-day generation of young women tends to be in line with the famous formulae 90-60-90. That is why it is necessary to regard seriously such an important social phenomenon as fashion, which may be a powerful force forming lifestyle, and even body parameters.
It is also necessary to consider similar processes in the masculine part of the population (Table 3) . Young men, as well as girls, have become noticeably taller during the period between observations. In modern young people it is possible to detect a decrease in arm muscles, which can be seen from thedecrease of chest and arm circumference. Undoubtedly, this happened at the expense of muscle mass, since the subcutaneous fat layer in contemporary young men in Moscow has become slightly thicker. In this connection, it is possible to suggest that young men have been experiencing a worsening of physical conditions expressed in replacement of muscle tissue with fat.
Therefore, over the last decades common micromorphological changes have been detected for both genders. These changes are manifested in an increase of body length, insignificant decrease of body mass and weakening of arm muscles. At the same time, negative tendencies in physical development are displayed more apparently in young men than in girls. This coincides perfectly with the well-known opinion about a higher degree of women's resistance to the impact of ecological or social stresses. Over the last decades, along with microevolution changes of morphological parameters in young males and females,there can be seen a constant unfavourable tendency in physical strength capabilities (Table 2) . It is possible to assume that the decrease of muscle mass and decrease of physical strength capabilities of contemporary students will cause a deterioration of general physical development and decrease of adaptation for environmental conditions. The assessment of physical development and adaptation capabilities of an organism was carried out in this connection.
Physical development implies a complex of morphofunctional traits of the organism determining its physical strength reserve (Khrisanfova, 1999) , the limit of its capability (Bashkirov, 1962) , and the process of development of the main morphofunctional parameters themselves (first of all, somatic characteristics), which might be kept under control for optimization of health conditions. Parameters determining the «structure-mechanical» properties of an organism, height and body mass, as well as chest circumference, are traditionally regarded as the basis of physical development evaluation. According to the results of factor analysis (Deryabin, 1991) , in our survey 30% of young men have average physical development, 18% higher than average, 12% high, 13% low and 27% of students are characterized by moderately low physical development.
A correlation analysis was conducted for investigation of the objective relationship between morphological and functional parameters. It demonstrated the highest values of correlation of VC with chest circumference, body length and body mass, transversal and sagittal chest diameters. Hand grip is more closely connected with values of forearm and arm circumferences, diameters of wrist and elbow, and also with body mass. In spite of a certain obviousness concerning the obtained connections, the level of significance does not exceed 5%. Correlation coefficients of VC and hand dynamometry with fat folds are close to zero, and most of them are invalid. As to functional parameters of the cardiovascular system (SBP, DBP and HR), it was shown that systolic BP had the greatest number of significant causal relationships with morphological features, which to a greater extent correlates with body mass and all circumferences. The level of causal relationships of diastolic BP does not exceed rϭ0,24 (with body mass). Interrelations with body parameters in HR (with the exception of a negligible connection with the chest skinfold, rϭ0,15) are practically absent.
In addition, canonical correlations were estimated for investigation of the relationships of functional parameters with complexes of morphological characteristics (results for young men are presented in Table 4 ).
As shown in Table 4 , functional values have a closer connection with the complexes of somatic parameters, characterizing variations of sizes, body proportions or manifestation of body components. Thus, for example, the canonical correlation of diastolic BP with the complex of skinfolds displays along with the greater value (in comparison with connections of DBP with each separate skinfold) also a higher level of significance (pϽ0.01).
For intergroup comparison, multiple discriminant (canonical) analysis was carried out. Its results show validity of division of young men into different groups according to their physical development, and the reality of existence of a certain trend in variability of functional parameters. A tendency of decrease in VC and physical strength parameters (Nϭ1005, pϽ0.001), and in systolic BP, accompanied with increase in HR can be traced within groups from high to average and then to low physical development (Nϭ205, pϽ0.05, Fig. 1 ).
On the basis of functional characteristics of the cardiovascular system, which is a sensitive indicator of an organism's reaction to any stressful influence, and taking into consideration total body parameters determining physical development, assessment of the adaptation potentials of students was carried out. Satisfactory adaptation (1st «health level») is typical for most of the young males (73.1%) and females (79%). 22% of men and 18% of women were included in the group with functional tension (2nd «health level»). Unsatisfactory adaptation was detected in 4.4% of young males and 2% of females. The reasons for decrease of adaptation in young men in comparison with women may be explained by a greater degree of sensitivity in men to unfavourable ecological, socio-economic and other stressful 400 Morphofunctional Parameters in Students 
factors.
It is interesting to compare our results for students with data by Yampolskaya and Ananyeva (1997) for children graduating high schools (Figs. 2-3 ). As one would expect, in our sample there are more young males and females with functional tension of adaptation mechanisms, and this situation is directly connected with the period of final and entrance examinations requiring considerable physical and emotional tension (most of the 17-year-old students were investigated when their entrance exams to MSU were almost finished). The smaller number of young men with unsatisfactory adaptation and failure of adaptation in our sample (Fig. 2) may be explained by the less stressful situation for students (who already entered MSU, as compared to those graduating schools) in terms of the threat of military service.
In girls (Fig. 3) an opposite tendency can be seen: a minor increase of frequency of unsatisfactory adaptation among university students (in comparison to schoolgirls); also-one case of adaptation failure was registered. This may be connected with the higher degree of anxiety in girls for coming-into-adulthood and the development of sexual relationships.
Therefore, using the method of screening and assessment of adaptation potentials, it is possible to determine the «health level» of students and reveal premorbid conditions with functional overstrain, which can result in significant deterioration of homeostasis, failure of adaptation and the emergence of a starting point for development of a disease.
Conclusions
On the basis of the results obtained it is possible to come to the following conclusions: -In contemporary young men and women who participated in the investigation in 2002-2003, secular changes are expressed in the form of body length Fig. 1 Results of canonical analysis of cardiovascular system characteristics in young men with different levels of physical development. ᮀ-Low and lower than average physical development, ᭝-average physical development, ᭹-higher than average and high physical development. increase and deterioration of physical strength parameters as compared with the data of 1920-1990. -The method of screening and assessment of adaptation potentials is a simple and illustrative way to determine functional conditions of young people at individual and group levels. -Anthropometrical parameters of physical development and the level of an organism's adaptation to environmental conditions can be used as additional markers for determination of the health level of contemporary young people for early prevention of some diseases, for improvement of physical conditions and for increase of adaptation capabilities. All the revealed patterns should be taken into account for planning hygiene and educational programs, which should contribute to the development of healthy life-style habits in young people.
Clinical examination of young people should necessarily include anthropometrical methods of observation, aimed at assessment of physical development and functional conditions. For this purpose, regarding the size of our country's territory, ethnic structure, migratory and social situation, it is necessary to elaborate standards of physical development and adaptation capabilities, taking into consideration the regional, ethnic and social characteristics of the population.
